From dichloromethane extracts of flowerheads of Achillea pannonica Scheele three sesquiterpenes were isolated and identified: 11,13-dehydrodesacetylmatricarin, (6E)-5-tigloxy-9-hydroxynerolidol and α-longipin-2-en-1-one. The structures were determined by MS, IR and NMR spectroscopic analyses. (6E)-5-Tigloxy-9-hydroxynerolidol is reported here for the first time. Additionally spathulenol, a compound of the essential oil was identified using GC-MS and GC-FTIR.
Introduction
Yarrow (Achillea millefolium L. s. l.) is widely used in folk medicine due to its broad spectrum of pharmacological activities (Wichtl, 1997) . The Achillea millefolium group includes a number of species differing in ploidy, morphology and chemistry. One of them, growing especially in the eastern part of Central Europe and Southeast Europe, is the octoploid Achillea pannonica. In addition to a recent paper dealing with the flavonoid composition of this species (Kasaj et al., 2001) , we report the study of sesquiterpenes which are known to be important for the anti-inflammatory activity of the plant (Kastner et al., 1993; Sosa et al., 2001) . Furthermore, this work contributes to chemotaxonomic conclusions about the Achillea millefolium group (Kubelka et al., 1999) .
Experimental

General
One-and two-dimensional NMR-spectra were recorded on a Varian Unity Inova 400 NMR-Spectrometer at 297 K. Tubes: 5 mm diameter (Kontes). Dual probe head with shielded z-gradients or broadband probe (400 MHz). Chemical shifts are given in ppm. TMS was used as internal standard. The HMBC-experiments were optimised for a § Part of the Ph. D. thesis of I. Werner. (Stahl, 1967) , after heating (140 ∞C); anisaldehyde sulfuric acid reagent (AA-reagent) (Dequeker, 1964) , after heating (140 ∞C).
GC-FID and GC-FTIR were performed on a Perkin Elmer Autosystem. Column: HP-5 crosslinked 5% Ph Me silicone column, 50 m ¥ 0.32 mm ¥ 0.52 µm. Precolumn: HP Retention Gap (uncoated, deactivated) 5 m ¥ 0.25 mm. Carrier gas: N 2 5.0, 2 ml/min. Split ratio: 1:10. Temperature program: 60 ∞C to 270 ∞C, rate: 3 ∞C/min (system1), 140 ∞C to 270 ∞C, rate: 2.5 ∞C/min (system2). Detection: FID Detector (H 2 5.0, synth. air 5.0). IR: MCT-Detector, cooled with liquid N 2 .
GC-MS was carried out on a Shimadzu GC-17A with a GCMS-QP5050A in EI mode. Column: Macherey-Nagel SE-54-CB Fused Silica Capillary Column, 50 m ¥ 0.25 mm ¥ 0.44 µm Precolumn: HP Retention Gap (uncoated, deactivated) 5 m ¥ 0.25 mm. Carrier gas: He 5.0, 1.5 ml/min.
Plant material
The aerial parts of Achillea pannonica were collected in Falkenstein, Buschberg and Oberweiden, Austria, in 1995 , 1997 and 1998 . The material was identified by J. Saukel, Institute of Pharmacognosy, University of Vienna and voucher specimens were deposited in the herbarium of the institute.
Extraction and isolation
Extraction was carried out soon after collection and drying (room temperature) of the plant material because of the known lability of some sesquiterpenes; the material from all locations was combined according to TLC and GC. Dried flowerheads (927 g/1995 , 593.4 g/1997 , 907.5 g/ 1998 were extracted three times with dichloromethane (1:10 w/v) by ultrasonication for 10 min. After concentration of this extract under vacuum to dryness the oily dark yellow residue (33.1 g/ 1995, 19.9 g/1997, 50.4 g/1998) was redissolved in dichloromethane and purified by extraction with the same volume methanol-water (1:1 v/v). Evaporation of the dichloromethane at 40 ∞C maximum yielded an oily sticky residue which was filtered and extracted again. After extraction of the unified methanol-water (1:1 v/v) fractions with dichloromethane a yellow oily residue resulted (4.7 g/1995 = extr1, 10.3 g/1997 = extr2, 11.3 g/ 1998 = extr3). Separation of these purified extracts was performed by flash chromatography using silica gel as stationary phase and dichloromethane, dichloromethane-acetone and dichloromethanemethanol with increasing polarity as mobile phases yielding 23 fractions from extr1 (P I-XXIII), 10 fractions from extr2 (V I-X) and 17 fractions from extr3 (D IÐXVII). Compound 1 (2.2 mg) was isolated from fraction V IV, compound 2 (2.8 mg) from fraction D V and compound 3 (2.0 mg) from fraction D II after repeated HPLC (RP-8) and CC (silica gel). Spathulenol was identified by means of GC-MS and GC-FTIR from fraction P VII. -14) , 27.4 (C-13), 27.8 (C-12), 39.1 (C-7), 42.1 (C-9), 50.4 (C-4), 58.4 (C-11), 67.1 (C-5), 122.9 (C-2) ppm. EI-MS (C 15 
Results and Discussion
TLC screening of single plants of Achillea pannonica collected in Falkenstein, Buschberg, Oberweiden, all Lower Austria, showed some characteristic bands occurring in many of the samples but no distinct pattern. To be sure that these differences were not due to heterogeneous material the essential oil as a further chemotaxonomical marker was checked as well. As main compounds α-pinene and 1,8-cineole besides remarkable amounts of -pinene, sabinene and -caryophyllene could be identified. The composition of the essential oil corresponded well to samples investigated by Rauchensteiner et al. (2002) and showed no remarkable heterogeneity. Therefore the plant material of all locations was combined before extraction. Extraction of the plant material collected in three different years (1995, 1997, 1998) was carried out soon after collection and drying because of the known lability of some sesquiterpenes leading to three extracts (extr1Ð3).
From these dichloromethane extracts of Achillea pannonica three sesquiterpenes were isolated by CC on silicagel by gradient elution with dichloromethane and dichloromethane-acetone mixtures. Further purification by HPLC on reversed phase material and CC on silicagel yielded 11,13-dehydrodesacetylmatricarin (1) and (6E)-5-tigloxy-9-hydroxynerolidol (2) from extr3 and α-longipin-2-en-1-one (3) from extr2. 11,13-dehydrodesacetylmatricarin (1), which has been reported for Achillea setacea (Zitterl-Eglseer et al., 1991) and α-longipin-2-en-1-one (3), already known from A. millefolium "DIS A" (Kastner et al., 1996) , could et al., 1984) . In addition to the tiglic moiety, the NMR spectra revealed the presence of three double bonds ( 13 C NMR signals at 110.9, 128.4, 129.9, 133.0, 136.4, 146.9 ppm) and two hydroxyl groups ( 1 H NMR signals at 3.34, 3.63 ppm). Considering the molecular formula (C 20 H 32 O 4 ) indicating 5 double bond equivalents, compound 2 could not be a cyclic sesquiterpene. The NMR signals were typical for a nerolidol derivative (De Pascual Teresa et al., 1986) assuming an acid moiety substituted in position 5. This compound is reported for the first time, similar structures (nerolidol derivatives) have been described for the genus Achillea only in Achillea odorata (Barrero et al., 1990) .
Additionally a compound that gave a remarkable spot on TLC (AP blue) was identified by means of GC-MS and GC-FTIR as spathulenol (4), a component of the essential oil.
In contrast to literature a germacrane derivative, isolated from Achillea pannonica collected in Slovakia (Sosa et al., 2001) could not be detected in this material. Compared to di-and tetraploid taxa of the Achillea millefolium group the octoploid Achillea pannonica is characterised Ð similar to hexaploid taxa Ð by a bigger number of skeletons and greater intraspecific variations concerning the sesquiterpenes.
